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(54) Cyclic peptide antifungal agents and process for preparation thereof. 

(57) Provided are compounds of the formula (1) : 

OH O R 

H 3 C 




(1) 



wherein R' is hydrogen, methyl or NH 2 C(0)CH r ; 
R" is methyl or hydrogen ; 
R is hydroxy or hydrogen ; 

is hydroxy, hydrogen, or hydroxysulfonyioxy ; 
R 7 is hydroxy, hydrogen, hydroxysulfonyioxy or phosphonooxy ; 

R 2 is a nov I acyi side chain. Als provided are novel fonmulati ns, m thods of inhibiting fungal 
and parasitic activity, and a process for pr paring did oxy (R=H) forms of th compounds. 
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Background of th Inventi n 

This invention relates to cyclic peptide antifungal agents. In particular, it relates tn acy! derivatives of the 
echinocandin class of cyclic peptide antifungal agents; to methods f r treating antifungal and parasitic inf c- 
5 tions, and to formulations useful in the methods. 

The compounds provided by this invention are semi-synthetic antifungal agents in that they are derived 
from the cyclic peptide antifungals which are produced by culturing various microorganisms. A number of cyclic 
peptide antifungals are known. Among these are echinocandin B (A30912A), aculeacin, mulundocandin, spor- 
iofungin, L-671,329, FR901379, and S31 794/F1. All such antifungals are structurally characterized by a cyclic 
-w — h e x a peptid o cor o, or nucleus, tho am i no group of one of th o cycl i c amtno-aeids-feeaifog-a-fa*t ^ acy l gr oup 
forming a side chain off the core or nucleus. For example, echinocandin B has a linoleoyl side chain while acu- 
leacin has a palmitoyl side chain. These fatty acid side chains of the cyclic hexa- peptides can be removed by 
enzymatic deacylation to provide the free nucleus. (Formula (1), hereinafter, wherein R 2 is hydrogen.) Reao 
ylation of the amino group of the nucleus provides semisynthetic antifungal compounds. For example, the echi- 
15 nocandin B nucleus provides a number of antifungal agents when reacylated with certain unnatural side chain 
moieties (see Debono, U.S. Pat No. 4,293,489). Among such antifungal compounds is cilofungin which is rep- 
resented by the formula (1) wherein R is methyl, R t is hydrogen and R 2 is p-(n-octyloxy) benzoyl. 

Enzymatic deacylation of the cyclic hexapeptides is carried out with deacylase produced by the organism 
Actinoplanes utahensis and related microorganisms as described by Abbott et a/., U.S. Pat. No. 4,293,482. 
20 The present invention provides acyfated cyclic hexapeptides having unique side chain acyl groups which, 
inter alia impart enhanced antifungal and antiparasitic potency e.g. against pathogenic strains of Candida al- 
bicans . Also provided is a process for removing the aminal and benzylic hydroxy groups to result in a dideoxy 
compound of formula (1) (R = H). 

25 Summary of the Invention 

The compounds provided by this invention are represented by the following formula (1): 




wherein 

R' is hydrogen, methyl or NH 2 C(0)CH r ; 
R" and R" are independently methyl or hydrogen; 
R and R Y are independently hydroxy or hydrogen; 
55 R, is hydroxy, hydrogen, r hydroxysulf nyloxy; 

R 7 is hydroxy, hydrogen, hydroxysulfonyloxy or phosphonooxy; and 
I) R 2 is a substituted benzoyl group represented by the formula 
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15 



wherein 

A) R 3 is a polyoxa-alky) group represented by the formula 
■O^CH J.riatCHJJ^O-tCrCta alk y!) 

wherein m and n are integers of from 2 to 4, and p is 0 or i; or 

B) R 3 is an unsaturated hydrocarbon group represented by the formula 

-Y-tCrda alkyl) 

wherein Y is -CsC- or -CH=CH-; or 

C) Ra is a group of the formula -CMCH^m-G, wherein m is as defined and G is C r C 10 bicycloalkyl or 
C r C 14 tricycloalkyl; or 

D) R 3 is quinolyi; or 

II) R 2 is an acyl group represented by the formula 



20 




25 

wherein 

Z is -O-, -CsC-, -CH=CH-, -CH 2 -CH r , -CH r , or a carbon to carbon bond; 

A) R4IS hydrogen, C2-C 12 alkynyl. C r C 12 substituted alkynyl, C3-C 12 cyctoalkyl, Cy-C^ bicycloalkyl, C7- 
30 C 14 tricycloalkyl, C r C 12 alkoxy, C 3 -C 12 cydoalkoxy, naphthyl, pyridyl, thienyi, benzothienyl, quinolyi or 

phenyl; or 

B) R4 is phenyl substituted by amino, C r C 12 alkyithio, halogen, Ci-C 12 alkyl, C2-C12 alkenyi, C 2 -C 12 al- 
kynyl, C r C 12 substituted alkyl, C 2 -C 12 substituted alkenyi, C 2 -C 12 substituted alkynyl, C r C 12 alkoxy, tri- 
fluoromethyl, phenyl, substituted phenyl, phenyl substituted with a polyoxa-alkyl group represented by 

35 the formula 

-©-(CHJarlCMCHaW^CHCrCw alkyl) 
wherein m.n and p are as defined; or 

C) R4 is phenyl substituted with C r C e alkoxy substituted by fluoro, bromo, chloro or iodo; or 

D) R4 is C r C 12 alkoxy substituted with C 3 -C 12 cycloalkyl, C r C 10 bicycloalkyl, C r C u tricycloalkyl, C r 
40 C 12 alkynyl, amino, C V C A alkylamino, di-(C r C 4 alkyl)amino, C r C 12 alkanoylamino, phenyl substituted 

with a polyoxa-alkyl group represented by the formula 

-O-tCHJrt- (©-(CH^CMCrda alkyl) 
wherein m,n and p are as defined; or 

E) R4 is C!-C 12 alkoxy substituted with a group of the formula 

45 

O 
II 

-NHCR 8 

50 

wherein Re is C r C 6 alkoxy optionally substituted with phenyl; or 

F) R4 is a group represented by the formula 

-CKCHjV-W-Rs 

wherein p' is an integer of from 2 to 4; W is pyrrolidine pip rid in r piperazin , and R 6 is hydrogen, 
55 C r C 12 alkyl, C 3 -C 12 cycl alkyl, benzyl or C 3 -C 12 cycl alkylm thyl; or 

G) R4 is a group represented by the formula 

-Y-Re 

wher in Y has the sam meanings defin d above; and 



3 



EP0 561 639 A1 

Re is C,-C 12 alkyl, d-C 12 substituted alkyl; C 3 -C 12 cydoalkyl, Ct-C 10 bicycloalkyl, Ct-C 14 tricycloalk- 
yl. phenyl. C A -C 12 cycloalkenyl, naphthyl, benzothiazolyt, thienyl, indanyt, fluorenyl, ph ny) substituted by 
amin , C 1 -C 12 alkylthio, hat gen, C r C 12 alkyl, C r C 12 alkenyl, (VC 12 alkynyl, C r C 12 aikoxy, infiuorurne- 
thyl, -O-fCHJp'-W-Rs, or C r C 6 alk xy substituted by fluoro, br m , iodo or chloro; or 
5 Re is a phenyl substituted by a polyoxa-alkyl group represented by the formula 

-0-(CH 2 ) m -[0-(CH 2 ) n ]p-0.(C 1 -C 12 alkyl) 
wherein m,n and p are as defined above; or 
III) R 2 is a group having the formula 



15 




o 



20 

wherein R x is C r C 12 alkoxy or a polyoxa-alkyl group represented by the formula 

-0.(CH 2 ) m -[0.(CH 2 ) n ]p-0-(C r C 12 alkyl) 
wherein m,n and p are as defined above; or 
IV) R 2 is a group having the formula 



30 



35 



40 



45 



50 
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O 
II 

-C -(C,-C 12 alkyl)-0 




R9 

15 

wherein R 9 is phenyl, CtC 12 alkyl, or 0,-0,2 alkoxy; or 

V) R 2 is naphthoyl substituted with R4; and the pharmaceutical^ acceptable non-toxic salts thereof; 
with the proviso that when 

R' is methyl or NH 2 C(0)CH 2 -; 
20 R" is methyl; 

R'" is methyl; 
R Y is hydroxy; 
R is hydroxy; and 
either a) or b): 

25 a) R, is hydroxysulfonyloxy and R 7 is hydroxy, hydroxysulfonyloxy or phosphonooxy; 

b) R, is hydrogen or hydroxysulfonyloxy and R 7 Is hydroxysulfonyloxy or phosphonooxy; 
R 2 is not 

i) 




35 

wherein R 3 is 

-O-tCHJ^ICXCHJJp-CXCrd, alkyl) 

wherein p=0; nor 
ii) 

40 



45 




wherein Z is a carbon to carbon bond or -O- and R4 is CrC 12 alkoxy; nor 
iii) naphthoyl substituted by wherein R4 is hydrogen, phenyl, or C 1 -C 12 alkoxy. 
Also provided are formulations and methods for inhibiting parasitic and fungal activity which employ the 
so compounds of the invention, and a process for preparing the dideoxy form of the compounds. 

Detailed Description 

The term: "0,-0,2 alkyl" r fers to th straight r branch d chain alkyl hydrocarbon groups such as, for ex- 
55 ampl , m thyl, ethyl, n-propyl, is propyl, n-butyl, sec-butyl, t-butyl, pentyl, h xyl, heptyl, octyl, nonyl, d cyl, 
undecyl and dodecyl groups; and the lik . 

The term "C r C 12 alkenyl" refers t gr ups such as vinyl, 1-propene-2-yl, 1-butene-4-yl, 1-pentene-5-yl, 
1-butene-1-yl, and the lik . 
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The term "C2-C12 alkynyl" refers t such gr ups as thynyl, propynyl, pentynyl, butynyl and the like. 

The term "d-d? alkylthio" ref rs to such groups as m thylthio, thylthio, t-butylthio, and th like. 

The term "C r C 12 alkoxy" refers to the straight r branched chain oxyalkyl groups such as, .g. meth xy, 
eth xy, propoxy, butoxy, heptoxy, octyloxy, dodecyl xy, and the like. 
5 The term C 3 -C 12 cycloalkoxy" refers to such groups as cyclopropoxy, cydobutoxy and the like. 

The term "C 3 -d2 cycloalkenyl" refers to such groups as cyclopropenyi, cyclobutenyl, cyclopentenyl, and 
the like. 

The term "C r C 12 substituted alkyl,* "CrC i2 substituted alkenyT, and "CrC 12 substituted alkynyl", denotes 

th ft ahnv a R uhstitut ftd-oa fl nr tw n times w i th ha l nqnn , hydroxy , prot ec t ed hydroxy, amino, protected amino. Ci- 

10 Oj acyloxy, nitro, carboxy, protected carboxy, carbamoyl, carbamoyloxy, cyano, methylsulfonyiamino, phenyl, 
substituted phenyl, or C r C 12 alkoxy. 

The term "substituted phenyl" is represented by a phenyl group substituted with one, two, or three moieties 
chosen from halogen, hydroxy, protected hydroxy, cyano, nitro, C r C 12 alkyl, C r C 12 alkoxy, carboxy, protected 
carboxy, carboxymethyl, hydroxymethoyi, amino, aminomethyl trifluoromethyl or N-(methylsulfonylamino) 
is The term "C 3 -C 12 cycloalkyl" refers to such groups as cyclopropyl, cydobutyl, cydopentyl, cyclohexyl and 
cycloheptyl. 

The term H C r C 4 alkylamino" refers to such groups as methylamino, ethylamino, n-butylamino and the like. 

The term "dh(C r C 4 alkyl)amino" refers to such groups as dimethylamino, diethylamino, di-n-propyiamino, 
di-n-butylamino, methyl ethylamino, methyt-n-butylamino, and like tertiary amino groups. 
20 The term "C r C 12 alkanoylamino" refers to such groups as acylamino groups derived from the d-d2 car- 
boxylic acids and are exemplified by formamido, acetylamino, propionylamino, butyrylamino, and the like. 

The term "C3-C 12 cycloalkylmethyl 0 refers to those C 3 -Cr cycloalkyls described above further substituted 
by methyl. 

The terms "d-do bicycloalkyl" and "Ct-C 14 tricycloalkyr refer to such groups as bicyclo[2.2.1.]hept-2-yi, 
25 bicydo[2.2.1.]hep-4-en-2-yl, bicyclo[3.3.1.]nona-3-yl, bicydo[3.3.1.]nona-2-yl, bicydo[3.2.1.]oct-2-yl t bicy- 
do[2.2.2.]oct-2-yl, bicyclo[2.2,2Joct-5-en-2-yi, adamantyl and the like. 

The term "dideoxy" refers to compounds of the formula (1) wherein R=H. 

The term 'inhibiting", such as used in relation to the methods for inhibiting parasitic and fungal activity, is 
defined to mean its normal definition, i.e., to stop, retard or prophylactically hinder or prevent. 
30 The term "activity", as used in relation to parasitic and fungal activity, indudes growth t hereof and attending 
characteristics and results from the existence of the parasite or fungus. 

The term "contacting", as used in relation to the methods for inhibiting parasitic and fungal activity by con- 
tacting a compound of the invention with a parasite or fungus, is defined to mean its normal definition. However, 
the term does not imply any further limitations to the process, such as by mechanism of inhibition, and the 
35 methods are defined to encompass the spirit of the invention, which is to inhibit parasitic and fungal activity 
by the action of the compounds and their inherent anti-parasitic and anti-fungal properties, or in other words, 
the compounds, used in the method are the causative agent for such inhibition. 

Examples of acyl groups represented by R 2 in formula (1) are benzoyl substituted by polyoxa-alkyl groups 
such as, e.g., 2-methoxyethoxy (p=0, m=1), 2-ethoxyethoxy, 2-(2-ethoxyethoxy)ethoxy (m=2, p=1, n=2), 3- 
40 (2-ethoxyethoxy)-propoxy, 3- (2-methoxyethoxy) butoxy, and like groups. 

Examples of R 3 groups wherein R 2 is benzoyl substituted by an unsaturated hydrocarbon groups -Y-(C r 
C 12 -alkyl) indude e.g., acetylenic groups -CsC-(C r C 12 alkyl) and -CH 2 =CH 2 -(C 1 -C 12 alkyl) which may be cis- 
or trans- e.g. propenyl, butenyi, hexenyi, decenyl, and the like; propynyl, butynyl, hexynyl, undecynyl, and like 
alkynes. 

45 Examples of acyl groups wherein R 2 is a group represented by the formula 

-.0,-0-0-1-0-*. 

are diphenyl ethers (2=-0-), diphenyl acetylenes (Z-CeO), stilbenes (Z=-CH=CH-), and biphenyls (Z = a car- 
bon to carbon bond). Among examples of such biphenyl groups, wherein Z is a carbon to carbon bond i.e. a 
phenyl to phenyl bond, are 4-[4-(butyloxy)phenyl]benzoyl, 4-[4-(cyd butytmethoxy)-ph nyl]b nzoyi, 4-[4-cy- 
55 dopentylmethoxy)pheny!]benzoyl ( 4-[4-(cyd hexyleth xy)ph nyflbenzoyl, 4-[4-(n-hexyloxy)-ph nyflbenz yi, 
4-phenylbenzoyt, 4-[4-(11-amin -undecyl xy)-phe nyflbenz yl, 4-[4-(11-fbrmamid und cyloxy)ph nyflben- 
zoyt, 4-[4-(is pentyioxy)phenyi]b nzoyi, and the like. Examples of such diphenyt ether acyl groups R 2 of the 
formula ab v wherein Z is an oxyg n atom ar 4-(4-butyloxyphen xy)benzoyl, 4-(4-h xyloxyph n xy)b n- 
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zoyl, 4-(4- thoxyphenoxy)benzoyl, 4-(4-benzyloxyph noxy)benzoyl, 4-[4-(3-chlorobutyloxy)phen xy]-ben- 
zoyl. 4-(4-dod cyloxyphenoxy)b nzoyl, 4-[4-(3-dim thylaminopropoxy)phenoxyJb nzoyl and the like. Exam- 
ples of diphenylacetylene and stilbene acyl groups, R 2 , wherein Z is an acetyienic bond or an eihyiene bond 
are 4-styrylb nzoyl, 4-(4-meth xystyryl)b nzoyl, 4-{4-butyloxystyryl)b nz yl, 4-(pheny1ethynyt)b nzoyl, 4- 

s (4-ethoxyphenylethynyl)benzoyl, 4-(4-cyclohexyloxyphenylethynyl) benzoyl, and the like. Examples of R 2 acyl 
groups represented by the foregoing formula wherein Z is a carbon to carbon bond and R* is represented by 
the formula -0-(CH 2 ) p -W-R 5 are 4-t4-[2-(N-cyclohexylpiperidtne-4-yl)ethoxy]phenyl]benzoyl, 4-[4-[2-(N-hex- 
ylpiperidine-4- yl)ethoxy]phenyl]benzoyl, 4-[4-[2-(4-benzylpiperidino)ethoxy]phenyl]benzoyl f 4-[4-[2-(4-cyclo- 

h AyyipipflriHinn)- ftthnv y ]phpnyi] hfl nzoyl and like diphenvl acyl groups. Examples of such acyl groups wherein 

10 R4 is represented by the formula -Y-Re include 4- [4-( ph en ylethynyl) phenyl] be nzoyl, 4-[4-(phenylethynyl)phe- 
noxy]benzoyl, 4-[4-(hexynyl)phenyl]benzoyt t 4-[4-(styryl)phenoxy]benzoyl, 4-[4-(4-benzylphenylethynyl)-phenyl] 
benzoyl, 4-[4-[4-4-methylpiperidino)ethoxy]phenylethynyt]pheny1]benzoyi and like acyl groups. Such acyl 
groups wherein R4 is represented by the formula -0-(CH2) p -W-R 5 form salts of the basic amino groups of the 
piperidine and piperazine heterocyclic groups with both organic and inorganic acids such as hydrochloric acid, 

15 hydrobromic acid, sulfuric acid and phosphoric acid and with organic acids such as the sulfonic acids, benze- 
nesulfonic acid, toluenesulfonic acid, methanesulfonic acid, acetic acid, chloroacetic acid, trifluoroacetic acid, 
benzoic acid, isophthalic acid, salicylic acid, citric acid, malic acid, succinic acid, malonic acid and like acids. 

The following tables contain further examples of the cyclic peptides represented by the formula (1). Table 
1 contains examples of cyclic peptides wherein the acyl group R 2 is of the formula 

20 



25 




Table 1 
B2 

H 3 C(CHj) 6 0(CH 2 ) 2 0-Q^ 

H 3 C(CH 2 ),^-CH 2 0-^^ 
H 3 C(CH 2 ) 5 -»-^i 

trans 

H 3 C(CH2) 7 -«»-^£ 



35 



40 



45 



c 

55 

The following Table 2 iilustrat s the compound of the formula (1 ) wherein R 2 is represented by the formula 
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_ C(0 ,-f Vz-f U 





10 



25 



30 



35 



40 



45 



50 



55 



El 

H 3 C(CH 2 ),0^^2- 
20 <H 3 C) 2 CH(CH 2 ) 2 0@-^-«- 



H 3 C(CH 2 ) 4 0(CH 8 ) 2 0-Q^2. 
CH 3 (CH 2 ) 4 0-Q^2- 

H 3 C(CH 2 ),0-Q-0-^2- 
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Tahle 2 continued 
H 3 C(CH 2 ) 5 0-^-0-^^ 



HC-NH(CH2)uO— ^^2_ 



The following Table 3 illustrates compounds of formula 1 wherein R 2 is of the formula as indicated from 
Table 2 and R* is represented by the formula -O-fCH^p-W-Rg. 

Table 3 



B2 

O" ch 2^O^ 0 "OO^ 

H 3 C(CH 2 ) 7 -^N' 




The acyl cyclohexapeptides represented by formula (1) exhibit antiparasitic activity* for example, they are 
especially active against the infectious fungi Candida albicans and Candida parapsilosis . They also exhibit sig- 
nificant activity against Aspergillus fumigatus . They are active both in vitro and in vivo and accordingly are use- 
ful in combating systemic fungal infections. 

The c mpounds of the invention also inhibit the growth of certain organisms primarily responsible for op- 
portunistic infections in immunosuppressed individuals. For exampl th compounds f the invention inhibit 
the gr wth f Pneumocystis carinil the causatiy organism of pneum cystis pneumonia in AIDS sufferers. 

The antifungal activity of th compounds of the invention is determin d in vitr in standard agar diluti n 
tests and disc-diffusion tests wh rein minimum inhibitory concentrati ns of the test compounds obtained. Stan- 



dardinviv t sts in mice are used to deter m in theeff ctiv dose of the test compounds in controlling systemic 
fungal infecti ns. 

Tables 4A-E below contain the minimum inhibitory concentrations (MIC) in micrograms per millilit r 
(mcg/ml) for compounds of the inventi n against Candida albicans and Candida parapsilosis , and for certain 
5 compounds, the effective dose, EDr), in mice. 

In Tables 4A-E, R'=CH 3 , R M =CH 3 , R"'=CH 3 . R Y =OH, Rt=OH and R^H, In Tables 4A-D, R=OH, while in Table 
E, R=H. 

In the Table 4A, R 2 is of the formula 




with R 3 being as indicated in the Table 4. 
15 In Table 4B, R 2 is of the formula 




where Z is -O- and R4 is as indicated. 

Table 4C is as Table 4B, except Z is a carbon-carbon bond. 
Table 4D indicates compound activities in which R 2 is as defined. 
2$ In Table 4E, dldeoxy (where R=H) compounds are illustrated with R 2 as indicated. 



TABLE 4A 







MIC (mcg/ml) 


ED50 (mg/kg) 


30 


R 3 


C.alb. 


C.parap. 






-0(CH 2 )2-0-(CH 2 ) 2 -0-C2H 6 


>20 


40 






-O^CHJrO-CsH,, 


>20 


40 




35 


-0-(CH 2 ) r OC 7 H 15 


10 


40 


30.3 




-0-(CH2) r O-C 8 H 17 


2.5 


80 


4.4 




-O-tCHJrO-C^H^ 


0.625 


5 


9.5 


40 


-CsC-CsHn 


2.5 


29 


10.5 




-CH=CH-C 6 H 13 (trans) 


0.312 


20 


4.4 




-CsC-CeH^ 


0.156 


10 





45 



TABLE 4B 



50 





MIC (mcg/ml) 


EDso (mg/kg) 


R4 


C.alb. 


C.parap. 




-0-C 4 H 9 


>20 


40 




-0-C$Hi 3 


1.25 


>20 


22.9 



55 
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TABLE 4C 

MIC ED50 
(mcg/ml) (mg/ml) 
c.aib. cparap, 



-O-CaHo 


0 78 


10 


0 


84 


-O-CHo -cvelobufcvl 


0.312 


It) 


2" 


r5-0 — 


-0 - CH2 " eye 1 open ty 1 


0.039 


2.5 


1, 


. 20 


-0-C5HH 


0.156 


0.625 


1. 


.86 


-O-C6H13 


0.039 


1.25 


1. 


. 10 


-0-CH2CH2-cyclohexyl 


0.039 


20 


1. 


. 6 


-0-CH 2 -CH(C 2 H 5 ) -C2H5 


0.039 


2.5 


4. 


.6 


-0-CH2-CH 2 -CH(CH 3 ) 2 


0.309 


5 


2. 


,00 


-0-CH 2 -CH 2 -C(CH3)3 


0.039 


2.5 


2. 


.21 


u iv_n 2 / 2 -u - u5nn 


1 OK 




u . 


an 
ou 


-CSC-C4H9 


0.039 


2.5 


1. 


20 


-CaC-C6H5 


0.039 


0.625 


0. 


60 


-C 6 H 5 


0.078 


10 


1. 


3 


-0- (CH 2 ) 2 -N(CH 3 ) 2 


>20 


>20 








>20 


>20 






O-lCH^-N^-CgH, 


5 


>20 


3. 


0 




0.312 


40 


0. 


64 




0.039 


5 


0. 


24 
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■•AMI.* 



*C-(CH2) ( 




■C-(CH8) s -0- 



'00 

o 




(CHJjCHa"" 

0 




HK) 



(CH^CH, 



0 
II 

-C- 



MIC 
•meg /mi) 

■■alb. naran 



40 



1.25 



0.0039 



80 



80 



10 



>80 



80 



>80 



>80 



>80 



>80 



■0-CH 2 CH 3 



>80 



>80 
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TABLE 4D continued 

MIC 

.meg/ ml/ 



O 
II 

C It \V 0-(CH 2 ) 5 CH 3 




J/ 

o 

II 

C l ^ O-iCH^CHa 

\ 
O 
II 

0 7/ vV 0-(CH 2 ) 9 CH 3 





o 
II 

•c 




20 >80 



10 >80 



20 >80 



20 >80 



O 

i i ii 

-0-{CHy5CH 3 0 039 5 

O 
II 



OHCfyrCHa 0.078 0.312 
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TABLE 4D gantimied 

MIC 

i meg /mi ) 



0 




0.5 80 



0 
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TABLE 4E 



-52- 



MIC 
i meg /ml) 
C.aib. - — C. naran 



0-C4H, 



-i-O-O-o-c*, 




-CXCH^-O 

o 



00 




tl 

-C-CH-0 



0.039 



>20 



0.039 



-80 



1.25 



0.005 



0.0098 



5.0 



1.25 



2.5 



>80 



40 



2.5 



0.625 




YJ-\ 



0 

-C-CH-O- 

I \=/ 
(CHjJjCH, 



80 



20 



40 



>80 



>80 



>80 
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MBLE (IF concimiPri 



-22- 



MIC 
•meg /ml) 



JO 



f5 



20 



25 



30 



35 



40 



45 



50 




0-(CH 2 ) 9 CH 3 
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TABLE 4£ ijOiif. inu^d 

MIC 
(rncg/ml) 

RZ C... alb. C, PflfflP 



.a 




40 



The non-dideoxy compounds of the invention (formula (1) are prepared with the amino nuclei of the cyclic 
hexapeptides which are represented by the formula when R 2 is hydrogen. These amino nuclei are obtained 

45 from the known natural products by the known enzymatic deacylation by which the fatty acid side chains of 
the natural compounds are removed. For example, echinocandin B which can be represented by the formula 
(1) wherein R-R' -R"- methyl, R is OH, R Y is hydroxy, is H, R 7 is OH, and R 2 is linoieoyl, is deacylated to 
provide the echinocandin B nucleus (R 2 =H) with the deacylase produced by the organism Actinoplanes uta- 
hensis as described by U.S. Patent Nos. 4,293,482 and 4,304,716. 

so The known natural cyclic hexapeptides which are N-deacylated to provide the amino nuclei starting ma- 
terials include echinocandin B (also known as A-30912A), aculeacin (palmitoyl side chain), tetrahydoechino- 
candin B (stearoyl side chain), mulundocandin (branched C 15 side chain), L-671 ,329 (C 16 branched side chain), 
S 31794/F1 (tetradecanoyl side chain), sporiofungin (C 16 branched side chain) and FR901379 (palmitoyl side 
chain). The amino nuclei obtained by the N-deacylati n are then acylated by empl ying known amino acylation 

55 procedures to provide the N-acyl cyclic h xapeptides repres nted by the f rmula (1) wherein R 2 represents 
the acyl groups defined hereinabove. The acylating m iety is pref rably an active ester f the carboxylic acid 
RCOOH such as the 2,4,5-trichlorophenyl ester. Th R 2 COOH precursor acids ar prepar d by the hydrolysis 
of the nitrile R 2 CN or the est r R 2 COOC r C 4 alk. These nitrite and ester intermediat s ar prepar d by kn wn 
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m thods. 

The alk xy aromatic (ie. phenyl and biphenyl) compounds of Tables 5-10 are prepared by one of the tw 
following pr cedures: 

A. The hydroxyaromatic compound (1 equivalent) is dissolved in ac tonitrile (200-300 ml) and a base, such 
5 as potassium t-butoxtde or potassium carbonate, (1 -equivalent), is added. An alkyl bromide, iodide, or p- 
toluenesuffonate (1 equivalent) is then added and the solution is ref luxed for 6 hours. The solvent is evapo- 
rated in vacuo and the residue is dissolved in ether and 2N sodium hydroxide. The ether layer is dried 
over magnesium sulfate and evaporated to give the alkoxyaromatic product. 

B. The hydroxyaromatic compound (1 equivalent), alkyl alcohol (1 equivalent), and triphenylphosphine (1 

w equivalent) are dissolved in tetrahydrofuran (200-300 ml) and diethylazodicarboxylate (1 equivalent) is 

added dropwise over 1 0 minutes at room temperature. After 17 hours the solvent is removed in vacuo and 
the residue is dissolved in ether. This organic layer is extracted with 2N sodium hydroxide solution, dried 
over magnesium sulfate, and evaporated to give a product which is crystallized from ether/pentane or, if 
the product contains a tertiary amine, the hydrochloride salt is formed and crystallized from methanol/ethyl 
15 acetate. 
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45 



The alkynyl and alkenyi aromatic compounds contained in Tables 11-14 are prepared by the following pro- 
cedure: 

An aromatic bromide, iodide, or trifluorome thane -sulfonate (1 equivalent) is dissolved in acetonitrile (600 
so ml/0.1 mole of aromatic reactant) under a nitrogen atmosphere. An alkyne or alkene (1 equivalent), triethyla- 
mine (2 equivalents), palladium dichloride (0.05 equivalents), triphenylphosphine (0.1 equivalents), and cu- 
prous iodide (0.025 equivalents) are added and the solution is refluxed for 17 hours. The solvent is removed 
in vacuo and the residue is slurried in ether (300 ml). Solids are removed by filtration and the filtrate is washed 
with 1N hydrochloric acid soluti n. The organic layer is dried over mag n sium sulfate and vaporatedt yield 
55 the product. 
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An aromatic halide (1 equivalent) is cool d to -78°C in tetrahydrofuran solvent. Butyl lithium (1.2 equiva- 
lents) is added. After 15 min triisopropyl borate (2 equivalents) is added and after 10 min of stirring the cooling 
bath is removed. When the reaction has warmed to room temperature wat r is added to quench the reaction 
followed by 1N HCI. The organic lay r is rem ved under reduced pr ssure I aving a solid precipitate which is 
collected by filtration. This solid is washed with hexane leaving the pure boron ic acid. 

The terphenyl esters listed in Table 16 were made in the following manner. 

An aromatic boron ic acid (1 equivalent), methyl 4-iodobenzoate (1 equivalent), and potassium carbonate 
(1 .5 equivalents) were mixed in a nitrogen- purged toluene solution. Alternatively, the trichloro phenyl ester of 
-indahflnaoAtfl my hp tt**ri AHriftH intra kis(hiphftnyiph osphina)pallad turn (0.03 equivalents) and refluxed for 7 



10 hrs. The solution was decanted to remove the potassium carbonate and reduced in vacuo. The residue was 
triturated with acetonitrile and the product solid was collected by filtration. 
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The aromatic nitriles or carboxytat esters described in Tabl s 5-16 can be convert d to carboxytic acids 
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by one of the two following hydrolysis procedures: 

A. An aromatic nitrile is dissolved in ethanol and an excess of 50% sodium hydr xid solution and r fluxed 
for 2 hours. Water is added until a solid precipitates. The precipitate is collected by filtration, added to hl 
oxane and 6N hydrochloric acid solution and refluxed for 17 h urs. Water is added and th carb xylic acid 
s product crystallizes and is collected by filtration and dried under vacuum. 

6. Acarboxylate methyl ester is dissolved in methanol, excess 2N sodium hydroxide solution is added and 
the solution is refluxed for 5 hours. The solution is made acidic with excess hydrochloric acid and water 
is added until a precipitate forms. The carboxylic acid is collected by filtration and dried under vacuum. 
The carboxylic acids are converted to 2,4,5-trichlorophenyl esters shown in Tables 17-25 by the following 
~ro general procedure: ~ ~ 

The aromatic acid (1 equivalent), 2,4,5-trichlorophenol (1 equivalent), and N.N'-dicyclohexylcarbodiimide 

(1 equivalent) are dissolved in methylene chloride. The mixture is stirred for 1 7 hours after which it is filtered. 

The filtrate is evaporated to dryness and the residue is dissolved in ether, filtered, and pentane is added until 

crystallization begins. The crystalline product is collected by filtration and dried under vacuum. 

15 



20 



25 



30 



35 



40 



45 



50 



55 



27 



EP 0 561 639 A1 




28 



EP 0 561 639 A1 




29 



EP 0 561 639 A1 




30 



EP 0 561 639 A1 



10 



20 



25 



30 



35 



40 



45 



I O 

So , 

o 

«J M O 

(T O I 



2 x w o\ 

... j. 



I* 



to n> ro 

C C vo 



— — K) 

Ui Cn La 




o 



i 

H 

o 

3 

£. 

a 

va 
^* 



> 
00 

r 

m 



I o 
2 o 

Q 



O ^ X 



^ ^ a\ 
Ov vo Ln 



I* 



K) U U 

k) isj 




I 

H 



a 
s 
o 



' 5 
2 o i 

n fy O 
nT O X 

Q 3_£ 



i i 

o o 

o o 

X X 



O X X X 



- w w w w 
u u u> c u 



150 



X 

o 



^ yj K) ^ 

vo iu vo bo 




LA 

I 

H 



o 
-a 

3" 
f9 
3 
O 



> 

CO 

r 
m 

to 



50 



55 



The dideoxy compounds of formula (1 ) are prepared by removing the benzylic and aminal hydroxy groups. 
The process includes subjecting a non-dideoxy compound of formula (1) (wherein R 2 may be hydrogen or acyl) 
to a strong acid such as trichloroacetic acid, trifluoroacetic acid or borontrif luoride et he rate with trif luoroacetic 
acid being preferred, and a reducing agent, such as sodium cyan borohydrid r triethylsilane, with tri thyl- 
silan being preferr d. The r action takes place at temperatures f b twe n -5 and 70°C, and in a suitabl 
solvent such as methylene chloride, chloroform or ac tic acid, with dichloromethan b ing preferred. The acid 
should be pr s ntinanamount f2to60mo!esp r mole of substrate, and the reducing agent sh uldb pres nt 
in an amount f 2 to 60 moles per mole f substrate. This process affords selective removal of the aminal and 
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benzylic hydroxy groups. 

The compounds repr sen ted by the formula (1) have improved prop rties over the pre vi usly known N- 
acyl h xapeptide antifungals. F r exampl , in general the comp unds exhibit oral bioavailability, a prop rty 
which is importantfor any systemic antifungal agent Als , numerous N-acyic mpounds f the formula (1)hav 
enhanced antifungal activity and enhanced water solubility. 

Among the N-acyl hexapeptides represented by the formula (1) certain are preferred embodiments of the 
invention. The compounds wherein R 2 is a diphenyl acyl group 



wherein Z is a carbon to carbon bond and is an alkoxy, cycloalkoxy or cycloalkylalkoxy group are preferred 
antifungals. Also preferred compounds are represented when Z is a carbon to carbon bond and R4 is -Y-Re 
and Re is C r C 12 alky I phenyl or substituted phenyl and Y is an acetyl en ic bond. 

A further preferred group of N-acyl hexapeptides is represented when Z is a carbon to carbon bond and 
R4 is represented by -0-(CH 2 ) p -W-R5 and wherein W is a piperidine group. 

Examples of preferred compounds of the above first mentioned group include 4-(4-alkoxyphenyl)benzoyl 
wherein the alkoxy group is preferably a C 5 -C 10 alkoxy group or C r C 4 alkoxy substituted by C3-C7 alkyl. Ex- 
amples of such preferred compounds are represented by the formula 1 wherein R 2 is 4-(4-n-hexyloxyphe- 
nyl)benzoyl, 4-(4-n-heptyloxyphenyl)benzoyl, 4-(4-n-octyloxyphenyl)benzoyl, 4-[4-(3,3-dimethylbutoxy)phe- 
nyi]benzoyl, 4-[4-(2-cyclopentyi-ethoxy)phenyl]benzoyl and 4-[4-(2-cydohexyioxyethoxy)phenyl]benzoyl. 

Examples of the second above mentioned preferred compounds wherein R4 is -Y-R e include 4-[4-(phenyl- 
ethynyl)phenyl]benzoyl and 4-[4-(n-butylethynyi)phenyl]benzoyl. 

Examples of preferred compounds of the invention wherein R4 represents -0-(CH 2 )p-W-R 6 are represented 
when R 2 has the formula 



wherein W-R 6 is piperidino, 4-n-propylpiperidino, 4-benzylpiperidino, 4-cyclohexylpiperidino, 4-cyclohexylme- 
thylpiperidino, and the pharmaceutical^ acceptable acid addition salts such as the hydrochloride salts, the 
sulfate salts or the phosphate salts. 

Preferred cyclohexyl peptide compounds are represented by the formula 1 wherein R'=R"= methyl, is 
hydrogen and R 2 is a preferred acyl group as defined hereinabove. 

Table 26 is a list of the most preferred R 2 substituents, wherein R=R 7 =R Y =OH; R ,= R"= R' W =CH 3 ; and R^H. 
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The N-acylhexapeptides provided by this invention are useful in the treatment of fungal inf ctions both 
systemic Infections and skin inf ctions. Accordingly this invention also provides a method for treating fungal 
infections in man and animals which comprises administering to said host an antifungally ff ctive non-toxic 
amount of an N-acyl-cyclohexa peptide represented bythef rmulal. Apref r red antifungal method comprises 
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administering an N-acylhexap ptid compound wher , in formula 1, R -R M = methyl, is hydrog n and R 2 is 
a preferred acyl group as defin d hereinabove. 

The antifungal compound can be administer d parenterally, e.g. i.m., i.p. or s.c, nasally, orany or can b 
appli d topically for skin infecti ns. The dose administer d of cours will vary dep nding on such factors as 

5 the nature and severity of the infection, the age and general health of the host and the tolerance of a particular 
host to the particular antifungal agent The particular dose regimen likewise may vary according to such factors 
and may be given in a single daily dose or in multiple doses during the day. The regimen may last from about 
2-3 days up to about 2-3 weeks or longer. 
This in ven ti o n akn pmv l rins p harmaceutical formulations useful for administering the antifungal com- 

10 pounds of the invention. These formulations comprise an N-acylhexapeptide represented by the formula 1 or 
a pharmaceutical^ acceptable, non-toxic salt thereof and a pharmaceutical^ acceptable carrier. 

For parenteral administration the formulation comprises a compound of the formula 1 and a physiologically 
acceptable diluent such as deionized water, physiological saline, 5% dextrose and other commonly used dilu- 
ents. The formulation may contain a soiubilizing agent such as a polyethylene glycol or polypropylene glycol 

15 or other known soiubilizing agent. Such formulations may be made up in sterile vials containing the antifungal 
and excipient in a dry powder or lyophilized powder form. Prior to use, the physiologically acceptable diluent 
is added and the solution withdrawn via syringe for administration to the patient. For oral administration, the 
antifungal compound is filled into gelatin capsules or formed into tablets. Such tablets also contain a binding 
agent, a dispersant or other suitable excipients suitable for preparing a proper size tablet for the dosage and 

20 particular antifungal compound of the formula 1. For pediatric or geriatric use the antifungal compound may 
be formulated into a flavored liquid suspension, solution or emulsion. A preferred oral carrier system is lineolic 
acid, cremophor RH-60 and water and preferably in the amount (by volume) of 8% lineolic acid, 5% cremophor 
RH-60, and 87% sterile water. The compound is added to the system in an amount of 2.5 to 40 mg/ml. 
For topical use the antifungal compound can be formulated with a dry powder for application to the skin 

25 surface or it may be formulated in a liquid formulation comprising a soiubilizing aqueous liquid or non-aqueous 
liquid, e.g., an alcohol or glycol. Such formulations are useful forms for use in the antifungal method provided 
herein. 

The N-acylcyclohexa peptides provided herein may be formulated as described above in unit dosage for- 
mulations comprising for injection between about 50 mg and about 500 mg per vial. For oral use gelatin cap- 
30 sules or tablets comprising between about 100 mg and about 500 mg per capsule or tablet can be provided. 

Preferred formulations of the invention comprises the active ingredient presented by the formula 1 wherein 
R'=R"= methyl, R, is hydrogen and R 2 is 4-[4-(phenylethynyl)-phenyl]benzoyl in gelatin capsules or as active 
ingredient the antifungal represented by the formula 1 wherein R'=R"= methyl, R, is hydrogen and R 2 is 4-[4- 
[2-(4-cydohexyl-piperidino)ethoxy]phenyl]benzoyl or the hydrochloride salt form thereof in tablet or gelatin 
35 capsules. Further preferred formulations are those in which a preferred compound, as described above, is 
employed. 

In yet a further aspect of the present invention there is provided a method for treating patients suffering 
from Pneumocystis pneumonia. The method can be used prophylactically to prevent the onset of the infection 
which is caused by the organism Pneumocystis carinii . The N-acylcyclicpeptide can be administered parent- 

40 eraily, e.g. via intramuscular (i.m), intravenous (iv.) or intraperitoneal (i.p.) injection, or orally or by inhalation 
directly into the airways of the lungs. Preferably the cyclic peptide is administered via inhalation of an aerosol 
spray formulation of the compound. 

An effective amount of a cyclic peptide will be between about 3 mg/kg of patient body weight to about 100 
mg/kg. The amount administered may be in a single daily dose or multiple doses e.g. two, three or four times 

45 daily throughout the treatment regimen. The amountof the individual doses, the route of delivery, thefrequency 
of dosing and the term of therapy will vary according to such factors as the intensity and extent of infection, 
the age and general health of the patient, the response of the patient to therapy and how well the patient tol- 
erates the drug. It is known that PCP infections in AIDS patients are highly refractory owing to the nature of 
the infection. For example, in severe, advanced infections the lumenal surface of the air passages becomes 

50 clogged with infectious matter and extensive parasite development occurs in lung tissue. A patient with an ad- 
vanced infection will accordingly require higher doses for longer periods of time. In contrast, immune deficient 
patients who are not severely infected and who are susceptible to PCP can be treated with lower and less fre- 
quent prophylactic doses. 

The activity fth cyclicpeptid represented by th formula 1 is demonstrated in immunosuppressed rats. 
55 The tests wer carried out in g neral as follows. One w ek after initiati n f immunosuppressi n rats w re in- 
oculat d intratracheally with parasites and maintained n immunosuppression f r the remainder f th study. 
Prophylactic treatments began ne day aft r parasite inoculation and therapeutic treatm nts began 3 or 4 
w eks lat r after mod rat PCP dev loped. Eight r ten animals were assigned t th f Mowing groups: thos 
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receiving test compound; non-treated Pneumocystis inf cted control animals; animals tr ated with trimetho- 
prim-sulfamethoxazole (TMP-SMX); or non-treated, non-infected control animals. The fficacy of different 
tr atments was evaluated by monitoring animal w ights and survival during the stud I s and by determining 
the severity of PCP at necropsy. Stain dimpressi n smears of the lungs and stained lung homog nates were 
5 evaluated to determine the intensity of P. carinii infection. 

The immune deficient rats employed in the tests were prepared as follows. Female Lewis rats weighing 
from 120-140 g each were immune suppressed with methyl prednisolone acetate at a dose of 4 mg/100 g for 
the first week, 3 mg/1 00 g for the second week and continuing weekly thereafter at 2 mg/1 00 g. All rats, except 

fo r f h r> nnn i nfnnt n ri nnnh - n l rAtft r -UtfAfft innmilfltftri intmtrflfthftally wit h 0.1 ml to 0.2 ml Of DulbeCCO'S Modified 

10 Eagle Media containing between >10 6 and 10 6 P. carinii (trophozoites, precysts and cysts) harvested from the 
lungs of heavily infected donor animals (infection scores of 6) and maintained ascryopreserved (liquid nitrogen) 
inocula. Rats were maintained on immune suppression and PCP was allowed to develop for 3 or 4 weeks before 
initiation of therapy with test compounds. Body weights were recorded weekly and rats were allocated into treat- 
ment groups such that each group had a similar distribution of percent weight loss among animals. Rats were 

is treated with test compounds for 2 or 3 weeks and then were necropsied. For prophylaxis studies, administration 
of test compound was initiated one day after intratracheal inoculation of parasites and was continued until the 
rats were necropsied. 

Following the evaluation period for test compounds, the rats were necropsied and test results evaluated 
by Giemsa-stained, silver-met henamine stained impression smears and/or by silver-methenamine stained 

20 lung homogenate (see below). Necropsy was carried out as follows. The test rats were anesthetized with a 
mixture of ketamine hydrochloride and xylazine and then exsanguinated via the right atrium. Internal organs 
in the abdominal and thoracic cavities were examined for gross lesions. 

A small portion of lung tissue from the left lobe of each rat was used to make the impression smears de- 
scribed below. Giemsa-stained impression smears were evaluated to determine the total number of parasites 

25 (trophozoites, precysts, and cysts). Impression smears from rats in groups whose treatments exhibited some 
anti- Pneumocystis activity (as judged by infection scores from Giemsa-stained slides) and from rats in the con- 
trol groups were also stained with methamine silver, a stain specific for the cyst wall of the organism. Impres- 
sion smears were randomized, numbered, and then evaluated. The infection scores used were as follows: 



30 


Score 


Basis 




0 


No parasites found 




1 


1 to 5 parasites/10 oil fields 


35 


2 


ca 1 parasite/field 




3 


2-10 parasites/field 




4 


>10 but <100 parasites/field 


40 


5 


>100 but < 1,000 parasites/field 



A score of 6 was reserved for those infections with impression smears containing >1 ,000 organisms/field (too 
numerous to count). Giemsa-stained slides were examined microscopically using a final magnification of 
1008X. Met henamine silver- stained slides were examined with a final magnification of 400X. 

45 Cysts in rat lung tissue were quantified as follows. A small portion of lung tissue from the left lobe of each 
rat was used to make impression smears as described above. The remainder of each lung was weighed, placed 
in a tube containing Manks balanced salt solution (HBSS) (40X the lung weight) and homogenized using a Bi ink- 
man model tissue homogenizer. Two \i1 samples of the homogenized lung samples (1:4 dilution in HBSS) were 
placed in wells of teflon-coated, 12-well slides, stained with methenamine silver, and the number of cysts were 

50 scored as described above for the impression smears. 

The activity and efficacy of two preferred N-acylcyclohexa peptides in the test animals is presented below. 
The compound of the formula 1 wherein R'=R"= methyl, R, is hydrogen and R 2 is 4[(4-phenylethynyi)phe- 
nyt]benzoy1 when administered as an aerosol solution at a concentration of 5 mg/ml for one hour, twice weekly 
for 5 weeks resulted in 90% reduction in P. carinii cysts in the lungs. When giv n rally at 1 0 mg/kg, bid for 3 

55 weeks, the number of cysts in th lungs was reduced by >99% when compared with inf cted vehicle c ntrols. 
When the pref rred N-acylcycJicpeptides were administered orally and by intraperiton al injection the com- 
pound was eff ctive in clearing P. carinii cysts from the lungs of heavily infect d rats. F r example, when the 
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comp und was administered at 10 or 40 mg/kg, bid for 4, 8 or 1 2 days, the numb r of identif iabl cysts in th 
lungs of heavily infect d rats was reduced by >99%. Similar efficacy was bs rved when the compound was 
administered i.p. at 1 mg/kg. 

Whent sted rally for prophylactic activity, the prefer r d compound xhi bi ted > 99% cyst reduction in n 
5 of two studies when infected animals were dosed at 1 mg/kg and when given higher doses of 5 or 4 mg/kg. 

Another preferred compound of the invention represented by the formula 1 wherein R'=R"= methyl, is 
hydrogen and R 2 is 4-[4-[2-(4-cyclohexylpiperidino)ethoxy]phenyl]benzoyl as the hydrochloride salt was also 
effective in the treatment of PCP. Aerosol prophylaxis (two 60-minute treatments twice a week for 5 weeks) 
was highly effective, in preventing PCP in the infected immune suppressed rats. Aerosol therapy with 5, 10, 
w 25, or 50 mg/ml of aerosolized solution reduced the number of cysts in the lungs by >99% when compared to 
controls. Similar results were obtained by i.p. dosage. 

The following examples of compounds of the invention and the manner of their preparation further describe 
the present invention. 

is N-Acylatlon of Cyclone xpeptlde Nuclei 

The preparation of the derivatives of the A30912A nucleus was accomplished by the following general pro- 
cedure, with Table 27 listing these derivatives. 

The A30912A nucleus and the 2,4,5-trichlorophenol ester are dissolved in dimethylformamide (25-50 ml) 

20 and stirred for 17-65 hours at room temperature. The solvent is removed in vacuo and the residue is slurried 
in ether and collected by filtration. The solid product is washed with methylene chloride and then dissolved in 
either methanol or acetonitrile/water (1 :1 v/v). This solution is injected on a Waters 600E semi-preparative chro- 
matography system using a Rainin Dynamax-60A C 18 reverse-phase column. The column is eluted beginning 
with 20-40% aqueous acetonitrile and 0.5% monobasic ammonium phosphate (w/v) (monitored by UV at 230 

25 nm and at a flow rate of 20 ml/mirr) until the un reacted A30912A nucleus is eluted and then deleting the buffer 
and eluting the product peak in aqueous acetonitrile. The fraction containing the product is evaporated in vacuo 
or lyophilized to provide t he pure compound. The product may be analyzed by the same HPLC instrument using 
a Waters C 18 Micro Bondapak column and eluting with 40% aqueous acetonitrile containing 0.5% monobasic 
ammonium phosphate (w/v) at a 2 ml/min flow rate and monitoring the UV at 230 nm. The products may also 

30 be analyzed by fast atom bombardment mass spectrometry (FAB MS). (In the compounds used, 
R'=R» =Fr =CH 3 , R=OH, R Y =OH, R^H, R 7 =OH, and R 2 is as defined). 
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50 Compounds such as those listed in Table 27 could be further modified at the phenolic hydroxy to provide 
R7 = -OP0 3 HNa as shown in Table 28. The procedure is as follows: 

The lipopeptide (1 equivalent) and tetrabenzyl pyrophosphate (2 equivalents) were dissolved in dimethyl- 
formamide which had been dried over 13X molecular sieves. Lithium hydroxide monohydrate (5 equivalents) 
was added and th stirred soluti n was monitored by HPLC. Aft r 0.5 hr and 1 hr m re lithium hydroxide (5 

55 equivalents) was added. Bet we n 1 and 2 hrs. th reacti n was quenched with glacial ac tic acid, th solv nt 
removed under vacuum, and th r sidu purified ver a semi-pr parativ C18 rev rse- phas column using 
an aqu us acetonitrile eluent. Th purified product was dissolv d in (1/1) ac tic acid/water with sodium acet- 
ate (1 quival nt) and 10% Pd/C catalyst. Th solution was placed und r an atmospher f hydrogen gas and 
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stirr d for 1 hr. After filtering to remov the catalyst, the solution was ly philized t provide th pure final prod- 
uct. The purity was assessed by analytical HPLC and the product was analyz d by fast atom bombardment 
mass spectrometry (FABMS). 
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Preparation of dideoxy cycloh xapeptide 

The preparation of the dideoxy compounds may be accomplish d by the following pr cedure with Table 
29 listing d rivativ s. 

5 To a suspension of a non-dldeoxy cyclohexapeptide (formula (I) where R=OH and R 2 is hydrogen or acyl), 

in dichloromethane is added the reducing agent triethyisilane in dichloromethane. The solution is stirred and 
the volatile components are removed under reduced pressure and the residue triturated with diethyl ether. The 
compound is purified using HPLC, and the product lyophilized. 



10 Example 

Dideoxycilofungin 

To a suspension of citofungin (10.00 g, 9.71 mmol) in dichloromethane (100 ml) was added a solution of 
15 triethyisilane (96 ml , 602 mmol) in dichloromethane (50 ml). Trifluoroacetic acid (46.4 ml, 602 mmol) was add- 
ed as a solution in dichloromethane (50 ml) over 15 minutes. The solution was stirred at room temperature for 
two hours. The volatile reaction components were removed under reduced pressure and the residue triturated 
with diethyl ether. The compound was purified by reversed phase HPLC by means of a "Prep LC/System 500" 
unit (Waters Associates, Inc., Milford, Mass.) using a Prep Pak 500/C 18 Column (Waters Associates, Inc.) as 
20 the stationary phase. The column eluted with a gradient mobile phase using CH 3 CN/H 2 0 (10:90 to 20:80 v/v) 
at 500 psi. The product containing fractions were pooled, evaporated under reduced pressure, and lyophilized 
from p-dioxane to yield dideoxycilofungin (6.66 g, 68.7%). FAB- MS: m/z calc. for C^K^N^ 5 , 998.5086; found, 
998.512; UVX(EtOH)nm(e) 202.60(61012), 256.20(18569). 

Table 29, indicates R 2 , the amount of the cyclic hexapepttde and reagents, and yield of dideoxy compounds 
25 prepared as described above. (R'=R"=R"=CH 3 , R t =H and R=R Y =R 7 =OH); T.E.S. = triethyisilane; TFA=trif luor- 
oacetic acid; numbers are weights in grams). 
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A compound f the formula 
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the preparation of which is discussed just prior to Table 27, can also be further modified at the phenolic hydroxy 
to provide R 7 =-OP0 3 HNa, as indicated in the two paragraphs prior to Table 28. The compound produced is as 
follows: 




0{CH 2 ) 4 CH 3 



I 

HOP = 0 



The product was analyzed by FABMS (using Lit) to give a peak at 1226.4853 (calculated for 
C58H7 4 N702oPU=1 226.4886). Also, when analyzed by HPLC using a C1 8 reverse-phase column and eluting 
with 55% aqueous acetonitrile with 0.5% acetic acid at 2 ml/min and monitoring by UV at 280 nm, the compound 
had a retention time of 1.72 min. 



Claims 



1. A compound of the formula (1): 
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wherein 

R' is hydrogen, methyl or NH 2 C(0)CH 2 -; 
R" and R ' are independently methyl or hydrogen; 
R and R Y are independently hydroxy or hydrogen; 
R, is hydroxy, hydrogen, or hydroxysulfonyloxy; 
R 7 is hydroxy, hydrogen, hydroxysulfonyloxy or phosphonooxy; and 
I) R 2 is a substituted benzoyl group represented by the formula 



0 




wherein 

A) R 3 is a polyoxa-alkyl group represented by the formula 

-©-(CH^-IO-tCH^Jp-O-ld-C^ alkyl) 
wherein m and n are integers of from 2 to 4, and p is 0 or 1 ; or 

B) R 3 is an unsaturated hydrocarbon group represented by the formula 

-Y-(C r C 12 alkyl) 

wherein Y is -C=C- or -CH=CH-; or 

C) R3 is a group of the formula -0-(CH2) m -G, wherein m is as defined and G is Ct-C 10 bicycloalkyl 
or Ct-C 14 tricycloalkyl; or 

D) R 3 is quinolyl; or 

II) R 2 is an acyi group represented by the formula 




wherein 

Z is -0-, -C=C-, -CH=CH-, -CH2-CH2-, -CH r . r a carbon to carb n bond; 
A) R4 is hydrogen, C r C 12 alkynyl, C r C 12 substitut d alkynyl, C 3 -C 12 cydoalkyl, C r C 10 bicycloalkyl, 
CrC 14 tricycloalkyl, C 1 -C 12 alkoxy, CrC 12 cycloalkoxy, naphthyl, pyridyl, thienyl, b nzothienyl, qui- 
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nolyl or phenyl; or 

B) R 4 is phenyl substituted by amino, C r C 12 alkylthio, halogen, C r C, 2 alkyl, C 2 -C 12 alkenyi, C 2 - 
C 12 alkynyl, C r C 12 substitut d alkyl, C2 -C 12 substituted aikenyi, C r C 12 SuuSuiutsd alkynyl, =C i2 
alkoxy, trifluoromethyl, phenyl, substituted phenyl, phenyl substituted with a polyoxa-alkyl group 
represented by the formula 

-O-tCHaMO-tCH^Jp-O-lCrd, alkyl) 
wherein m,n and p are as defined; or 

C) R4 is phenyl substituted with C r C^ alkoxy substituted by fluoro, bromo, chloro or iodo; or 
H) p 4 ig r -r c 'v a'k^y substituted with Ca-C 12 cydoalkyl, Ct-C 10 bicycloalkyl, C r C 14 tricycloalkyl, 

(VCi 2 alkynyl, amino, C r C 4 alkylamino, di-(C r C 4 alkyljamino, CrC 12 aikanoyiamino, phenyl sub- 
stituted with a polyoxa-alkyl group represented by the formula 

-©-(CH^-ICHCHaW^O-tCrCu alkyl) 
wherein m,n and p are as defined; or 

E) R4 is C r C 12 alkoxy substituted with a group of the formula 

O 
II 

-NHCRg 

wherein Re is C r C 6 alkoxy optionally substituted with phenyl; or 

F) R 4 is a group represented by the formula 

-0-(CH 2 )p-W-R 5 

wherein p' is an integer of from 2 to 4; W is pyrrolidine piperidino or piperazino, and R 5 is hydrogen, 
C r C 12 alkyl, C 3 -C 12 cydoalkyl, benzyl or C r C 12 cycloalkylmethyl; or 

G) R4 is a group represented by the formula 

-Y-Re 

wherein Y has the same meanings defined above; and 

R« is C r C 12 alkyl, C r C 12 substituted alkyl; C 3 -C 12 cydoalkyl, C r C 10 bicydoalkyl, Ct-C 14 tri- 
cycloalkyl, phenyl, C 3 -C 12 cycloalkenyl, naphthyl, benzothiazolyl, thienyl, phenyl substituted by ami- 
no, C r C 12 alkylthio, halogen, C 1 -C l2 alkyl, C r C 12 alkenyi, CrC 12 alkynyl, C r C 12 atkoxy, trifluoro- 
methyl, -CMChyp -W-R$, or C r C 6 alkoxy substituted by fluoro, bromo, iodo or chloro; or 
Re is a phenyl substituted by a polyoxa-alkyl group represented by the formula 
-0-(CH 2 ) m -[0-(CH 2 )J p -0-(C 1 -C 12 alkyl) 
wherein m.n and p are as defined above; or 
III) R 2 is a group having the formula 




O 



wherein R* is C r C 12 alkoxy or a polyoxa-alkyl group represented by the formula 

-O-CCHaMO-tCH^Jp-O-CC-C^ alkyl) 
wherein m,n and p are as defined above; or 
IV) R 2 is a group having the formula 
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wherein Rg is phenyl, C 1 -C 12 alkyl, or C r C 12 alkoxy; or 

V) R 2 is naphthoyt substituted with R4; and the pharmaceutical^ acceptable non-toxic salts thereof; 
with the proviso that when 

R* is methyl or NH 2 C(0)CH r ; 

R" is methyl; 

R "' is methyl; 

R Y is hydroxy; 

R is hydroxy; and 
either a) or b): 

a) Ri is hydroxysulfonyloxy and R 7 is hydroxy, hydroxysulfonyloxy or phosphonooxy; 

b) Rt is hydrogen or hydroxysulfonyloxy and R 7 is hydroxysulfonyloxy or phosphonooxy; 

R 2 is not 

i) 
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wherein R 3 is 

-O^C^MO-tCH^Jp-O^d-Cjalkyl) 
-wher ein p=Q; nor — . . 




wherein Z is a carbon to carbon bond or -O- and R4 is C r C 12 alkoxy; nor 

iii) naphthoyl substituted by R4 wherein R4 is hydrogen, phenyl, or C r C 12 alkoxy. 

A compound of the formula (1): 




wherein 

R' is hydrogen, methyl or NH 2 C(0)CH 2 -; 
R" and R'" are independently methyl or hydrogen; 
R and R Y are independently hydroxy or hydrogen; 
Ri is hydroxy or hydrogen; 
R 7 is hydroxy or hydrogen; and 
I) R 2 is a substituted benzoyl group represented by the formula 
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wherein 

A) R* is a Dolvoxa-alkyl group repres nted by the formula 

-O-lCHjWfO-tCH^Jp-O-tCrC^alkyt) 
wher in m and n are integ rs of from 2 1 4, and p is 0 or 1; r 

B) R3 is an unsaturated hydrocarbon group represented by the formula 

-Y-<C r C 12 alkyl) 

wherein Y is -C=C- or -CH=CH-; or 

C) R3 is a group of the formula -0-(CH2) m -G, wherein m is as defined and G is Ct-C 10 bicydoalkyl 
or C ; C 14 tricyc i o aikyl^or 

D) R 3 is quinolyl;or 

II) R 2 is an acyl group represented by the formula 




wherein 

Z is -0-, -CsC-, -CH=CH- t -CH 2 -CH 2 -, -CH 2 -, or a carbon to carbon bond; 

A) R4 is hydrogen, C2-C 12 alkynyl, C 2 -C 12 substituted alkynyl, C 3 -C 12 cydoalkyl, C r C 10 bicydoalkyl, 
Ct-C u tricydoalkyl, C r C 12 alkoxy, C r C 12 cydoalkoxy, naphthyl, pyridyl, thienyl, benzothienyl, qui- 
nolyl or phenyl; or 

B) R4 is phenyl substituted by amino, C r C 12 alkylthio, halogen, C r C 12 alkyl, CrC 12 alkenyl, C r C 12 
alkynyl, C r C 12 substituted alkyl, C 2 -C 12 substituted alkenyl, C2-C 12 substituted alkynyl, C r C 12 al- 
koxy, trifluoromethyl, phenyl, substituted phenyl, phenyl substituted with a polyoxa-alkyl group rep- 
resented by the formula 

-O-tCHjMO-tCH^Jp-O-ICt-C,, alkyl) 
wherein m,n and p are as defined; or 

C) R4 is phenyl substituted with C^-C 6 alkoxy substituted by fluoro, bromo, chloro or iodo; or 

D) R4 is C r C 12 alkoxy substituted with QrC 12 cycloalkyl, Ct-C 10 bicydoalkyl, Ct-C 14 tricydoalkyl, 
(VC 12 alkynyl, amino, C r C 4 alkyl ami no, di-(C r C 4 alkyl)amino, C r C 12 alkanoylamino, phenyl sub- 
stituted with a polyoxa-alkyl group represented by the formula 

-O-tCH^-tO-tCH^jp-O-lCrd, alkyl) 
wherein m.n and p are as defined; or 

E) R 4 is C r C 12 alkoxy substituted with a group of the formula 

O 
II 

-NHCR a 

wherein Re is C r C 6 alkoxy optionally substituted with phenyl; or 

F) R 4 is a group represented by the formula 

-0-(CH 2 ) p -W-R 6 

wherein p' is an integer of from 2 to 4; W is pyrrolidine piperidino or piperazino, and R 6 is hydrogen, 
C r C 12 alkyl, C 3 -C 12 cydoalkyl, benzyl or C r C 12 cycloalkylmethyl; or 

G) R 4 is a group represented by the formula 

-Y-R« 

wherein Y has the same meanings defined above; and 

Re is C r C 12 alkyl, C r C 12 substituted alkyl; C 3 -C 12 cydoalkyl, C r C 10 bicydoalkyl, Ct-C 14 tri- 
cycloalkyl, phenyl, C3-C 12 cycloalkenyl, naphthyl, benzothiazolyl, thienyl, phenyl substituted by ami- 
no, C r C 12 alkylthio, halogen, C r C 12 alkyl, C r C 12 alkenyl, C2-C 12 alkynyl, C r C 12 alkoxy, trifluoro- 
methyl, -0-(CH 2 )p'-W-R 6 > or C r C 6 alkoxy substituted by fluoro, bromo, iodo or chloro; or 
R« is a phenyl substituted by a p ly xa- alkyl group represent d by the formula 
-O-CCH^IO-tCH^Jp-O^CrCu alkyl) 
wher in m,n and p are as d fin d above; or 
III) R 2 is a group having the formula 
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wherein R* is C r C 12 alkoxy or a polyoxa-alkyt group represented by the formula 

-0-(CH 2 ) m -[0-(CH 2 )J p -0-(C r C 12 alkyi) 
wherein ran and p are as defined above; or 
IV) R 2 is a group having the formula 






wherein R9 is phenyl, C r C 12 alkyl, or C r C 12 alkoxy; or 

V) R 2 is naphthoyl substituted with R4; and the pharmaceutical^ acceptabl non-toxic salts th reof. 



49 



EP 0 561 639 A1 

3. A compound as recited in Claims 1 or 2 wh rein R\ R" and R" are methyl, R, is hydrogen, and R 7 and 
R Y are OH. 

4. A compound as r cit d in Claims 1 or 2 wherein R 2 is of the formula 



10 

wherein Z is a carbon to carbon bond; and 

R4 is C r C 12 alkoxy, C3-C7 cycloalkoxy, C r C e alkoxy substituted by C3-C7 cydoalkyl; or 

R4 is phenyl substituted by C l -C 12 alkoxy or phenyl substituted with a polyoxa-alkyl group of the 

formula 

,5 -O-tCH^-IOtCHdnlP-O-id-dj alkyl); or 

R4 is a group of the formula -Y-Re, wherein Y is an acetyl en ic bond and Re is C r C 6 alkyl, phenyl, 
or phenyl substituted with a polyoxa-alkyl group of the formula 

-O-tCHJm-IO-tCHJnlP-O^d-dz alkyl). 



20 



25 
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5. A compound as recited in claims 1 or 2 wherein R 2 is of the formula 



-CO-Q-Z-Q-R. 



wherein Z is -C=C- ; and 

R4 is phenyl substituted by C r C 12 alkoxy or phenyl substituted with a polyoxa-alkyl group of the 
formula 

■O-tCHjJnrlO-tCHiWP-O-tCrCta alkyl) 
6. A compound as recited in Claims 1 or 2 wherein R 2 is of the formula 



40 



wherein Z is a carbon to carbon bond and R4 is a group of the formula 

-0-(CH 2 ) p -W-R 5 

wherein W is a piperidine group. 

7. A compound as recited in Claims 1 or 2 wherein R is hydrogen. 

8. A compound as recited in claims 1 or 2 wherein R 2 is 4-(4-n-hexy1oxypheny1)benzoyl,4-(4-n-heptyloxy- 
. phenyl)benzoyl, 4-(4-n-octyloxyphenyl)benzoyl, 4-[4-(3,3-d i met hylbutoxy) phenyl] benzoyl, 4-[4-(2-cyclo- 

45 pentylethoxy)phenyl]benzoyl, 4-[4-(2-cyclohexyloxyethoxy)phenyl]benzoyl ( 4-[4-(phenylethynyl)phe- 

nyl]benzoyl, 4-[4-(n-butylethynyl)phenyl]benzoyl, or 4-[4-[2-(4-cyclohexylpiperidino)ethoxy]phenyl]ben- 
zoyl. 



9. A compound of the formula (1): 
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wherein 

R' is hydrogen, methyl or NH 2 C(0)CH 2 -; 
R" and R" are independently methyl or hydrogen; 
R and R Y are independently hydroxy or hydrogen; 
Ri is hydroxy, hydrogen, or hydroxysulfonyloxy; 
R 7 is hydroxy, hydrogen, hydroxysulfonyloxy or phosphonooxy; and 
I) R 2 is a group of the formula 



H 3 C(CH 2 ),0(CH 2 ) 2 oQ-^-— 
(HaOaCOtCHjJjoQ-^-as-^S. 

H » C « CH »)8 0 O^"O 2 " 
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R\ R" and R w are methyl, R, is hydrogen and R 7 and R Y are hydroxy and pharmaceutical^ acceptable 
salts thereof. 

10. A compound of the formula (1): 




wherein R' is hydrogen, methyl or NH 2 C(0)CH2-; 
R" is methyl or hydrogen; 
R is hydroxy or hydrogen; 
Ri is hydroxy, hydrogen, or hydroxysulfbnyloxy; 
R 7 is hydroxy, hydrogen, hydroxysulfonyloxy or phosphonooxy; 
R 2 is a substituted benzoyl group represented by the formula 



O 




wherein R 3 is a polyoxa-alkyl group represented by the formula 

-O-tCHiMO-tCH^Jp-O^CrC^alkyl) 
wherein m and n are integers of from 2 to 4, and p is 0 or 1 ; or R 3 is an unsaturated hydrocarbon group 
represented by the formula 

-Y-(C r C 12 alkyl) 

wherein Y is -C=C- or -CH=CH-; 

or R3 is a group of the formula -0-(CH2) m -G, wherein m is as defined and G is C r C 10 bicycloalkyl or C r 
C 14 tricycloalkyl; 

or R 2 is an acyl group represented by the formula 



O 
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wher in Z is -O-, -ChC-, -CH=CH-, -CH 2 -CH 2 -, or a carbon to carb n bond; 

R. is hydrogen. C. r Ci9 cycloalkyl, Ct-C 10 bicycioalkyl, Ct-C 14 tricycloalkyl, phenyl, ph nyi substi- 
tut d by amino, C r C 12 aikylthi , halogen, C r C 12 alkyl, C r C 12 alk xy, trifluorom thyl, phenyl, or C r Ce 
alkoxy substituted by fluoro, bromo. chloro or iodo; 

or R* is C r C 12 alkoxy, C3-C12 cycioalkoxy, CrC 12 alkoxy substituted by C 3 -C 12 cycloalkyl, Ct-C 10 
bicycloalkyl, C r C 14 tricycloalkyl, amino, C r C 4 alkylamino, dh(C 1 -C 4 alkyl)amino, C r C 12 alkanoylamino 
or a group of the formula 



O 
II 

-NHCR, 

wherein Re is C r C 6 alkoxy optionally substituted with phenyl; or R* is a group represented by the formula 

-0-(CH 2 ) p -W-R 6 

wherein p' is an integer of from 2 to 4; W is pyrrol id i no, piperidino or piperazino, and R§ is hydrogen, C r 
C 12 alkyl, C3-C 12 cycloalkyl, benzyl or C 3 -C 12 cydoalkylm ethyl; 

or R4 is a group represented by the formula -Y-Re wherein Y has the same meanings defined above 
and Re is C r C 12 alkyl, C r C 12 alkyl substituted by phenyl; C 3 -C 12 cycloalkyl, phenyl, C 3 -C 12 cydoalkenyl, 
naphthyl, benzthiazol-2-yl, or phenyl substituted by amino, C r C 12 alkylthio, halogen, C r C 12 alkyl, C r C 12 
alkenyl, C r C 12 alkoxy, trifluoromethyl, -O^CHJp'-W-Re, or d-Ce alkoxy substituted by fluoro, bromo, 
iodo or chloro; or 

R 2 is a group selected from 
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O 

n. 

wherein R 9 is phenyl, C,-C 12 alkyl, or C,-C 12 alkoxy; or 

R . . i n nnphthny l s ub s t i tuted w i th R 4 ; and tha pharmacfl utically acceptable non-toxic salts thereof; 

with the proviso that when 

R' is methyl or NH 2 C(0)CH 2 -; 
R" is methyl; 
R is hydroxy; and 

either 

a) R 1 is hydroxysulfonyloxy and R 7 is hydroxy, hydroxysulfonyloxy or phosphonooxy; or 

b) R 1 is hydrogen or hydroxysulfonyloxy and R 7 is hydroxysulfonyloxy or phosphonooxy; 

R 2 is not 

i) 




wherein R 3 is -0-(CH 2 ) m -[0-(CH 2 )n]p-0-(C 1 -C 1 2 alkyl) wherein p=0; nor 
ii) 




wherein 2 is a carbon to carbon bond or -O- and R, is C r C 12 alkoxy; nor 

iii) naphthoyl substituted by R4 wherein R4 is hydrogen, phenyl, or C r C 12 alkoxy. 

11. A compound as recited in claim 10 wherein Rj is not hydroxysulfonyloxy and R 7 is not hydroxysulfonyloxy 
or phosphonoxy. 

12. A compound of any of claims 1-11 for use in inhibiting parasitic activity. 

13. A compound of claims 1-11 for use in inhibiting fungal activity. 

14. A compound of any of claims 1-11 for use in inhibiting the growth of organisms responsible for opportun- 
istic infections in immunosuppressed individuals. 

15. A compound of claims 1-11 for use in inhibiting the growth of Pneumocystis carinii. 

16. A pharmaceutical formulation comprising a compound of any of Claims 1-11 and a suitable pharmaceutical 
carrier. 

17. A process for the preparation of a compound of the formula (1): 
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wherein R' is hydrogen, methyl or NH 2 C(0)CH2-; 
R" and R" is methyl or hydrogen; 
R is hydrogen; 
R Y is hydroxy or hydrogen, 
Ri is hydroxy, or hydrogen; 
R 7 is hydroxy, or hydrogen; and 
R 2 is hydrogen or acyl; 

comprising the step of subjecting a compound of formula (I) wherein R=OH, to a strong acid in the pres- 
ence of a reducing agent, in a suitable solvent. 

18. A compound of the formula 




0{GH 2 ) A QH$ 



HO-P = 0 
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